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PRIMATE EMBRYONIC STEM CELLS 
ABSTRACT 

A purified preparation of primate embryonic stem 
cells is disclosed. This preparation is characterized 
5 by the following- cell surface markers: SSEA-1 (-) ; 

SSEA-3 (+) ; SSEA-4 (+) ; TRA 1-60 (+) ; TRA-1-81 (+) ; and 
alkaline phosphatase ( + ) . In a particularly 
advantageous embodiment, the cells of the preparation 
have normal karyotypes and continue to proliferate in 

10 an undifferentiated state after continuous culture for 

eleven months. The embryonic stem cell lines also 
retain the ability, throughout the culture, to form 
trophoblast and to differentiate into all tissues 
derived from all three embryonic germ layers (endoderm, 

15 mesoderm and ectoderm) . A method for isolating a 

primate embryonic stem cell line is also disclosed. 
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PRIMATE EMBRYONIC STEM CELLS 



:ross -Reference to Related Application 
This application is a continuation-in-part of U.S. 
Application No. 08/376,327 filed January 20, 1995. 

Field of the Invention 
In general, the field of the present invention is 
stem cell cultures. Specifically, the field of the 
present invention is primate embryonic stem eel 1 
cultures . 



Background of the Invention 
In general, stem cells are undifferentiated cells 
which can give rise to a succession of mature 
functional cells. For example, a hematopoietic: stem 
cell may give rise to any of the different type s of 
terminally differentiated blood cells. Embryonic stem 
(ES) cells are derived from the embryo and are 
pluripotent , thus possessing the capability of 
developing into any organ or tissue type or, at: least 
potentially, into a complete- embryo. 

One of the seminal achievements of mammalian 
embryology of the last decade is the routine insertion 
of specific genes into the mouse genome through the use 
of mouse ES cells. This alteration has created a bridge 
between the in vitro manipulations of molecular biology 
and an understanding of gene function in the intact 
animal. Mouse ES cells are undifferentiated, 
pluripotent cells derived in vitro from pre imp ant at ion 
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embryos (Evans, et al . Nature 292:154-159, 1981; 
Martin, Proc . Natl . Acad . Sci . USA 78:7634-7 633, 1981) 
or from fetal germ cells (Matsui, et al . , Cell 70:841- 
847, 1992) . Mouse ES cells maintain an 
5 undifferentiated state through serial passages when 

cultured in the presence of fibroblast feeder layers in 
the presence of Leukemia Inhibitory Factor (LI7) 
(Willi ams , et al . , Nature 336:684-687, 1988). If LIF 
is removed, mouse ES cells differentiate. 

10 Mouse ES cells cultured in non - at t aching 

conditions aggregate and differentiate into simple 
embryoid bodies, with an outer layer of endoderm and an 
inner core of primitive ectoderm. If these embryoid 
bodies are then allowed to attach onto a tissue culture 

15 surface, disorganized differentiation occurs of various 

cell types, including nerves, blood cells, muscle, and 
cartilage (Martin, 1981, supra ; Doetschman, et al . , J . 
Embrvol . Exio . Morion . 87:27-45, 1985) . Mouse ES cells 
injected into syngeneic mice form teratocarcinomas that 

20 exhibit disorganized differentiation, often with 

representatives of all three embryonic germ layers. 
Mouse ES cells combined into chimeras with normal 
preimplantat ion embryos and returned to the uterus 
participate in normal development (Richard, et al . , 

25 Cytocrenet . Cell Genet . 65:169-171, 1994) . 

The ability of mouse ES cells to contribute to 
functional germ cells in chimeras provides a method for 
introducing si te - specif ic mutations into mouse lines. 
With appropriate transfection and selection strategies, 

3 0 homologous recombination can be used to derive ES cell 

lines with planned alterations of specific genes. These 
genetically altered cells can be used to form chimeras 
with normal embryos and chimeric animals are recovered. 
If the ES cells contribute to the germ line in the 

35 chimeric animal, then in the next generation, a mouse 

line for the planned mutation is established. 

Because mouse ES cells have the potential to 
differentiate into any cell type in the body, mouse ES 



cells allow the in vitro study of the mechanisms 
controlling the differentiation of specific ceLls or 
tissues. Although the study of mouse ES cells provides 
clues to understanding the differentiation of general 
5 mammalian tissues, dramatic differences in primate and 

mouse development of specific lineages limits :he 
usefulness of mouse ES cells as a model of human 
development . Mouse and primate embryos differ 
meaningfully in the timing of expression of the 

10 embryonic genome, in the formation of an egg cylinder 

versus an embryonic disc (Kaufman, The Atlas of Mouse 
Development , London: Academic Press, 1992) , in the 
proposed derivation of some early lineages (O'Rahilly & 
Mu Her, Developmental Stages in Human Embryo s , 

15 Washington: Carnegie Institution of Washington, 1987) , 

and in the structure and function in the extraembryonic 
membranes and placenta (Mossman, Vertebrate Fetal 
Membranes , New Brunswick: Rutgers, 1987) . Other 
tissues differ in growth factor requirements for 

20 development (e.g. the hematopoietic system (Lapidot et 

al . , Lab An Sci 43:147-149, 1994)), and in adult 
structure and function (e.g. the central nervous 
system) . Because humans are primates, and development 
is remarkably similar among primates, primate ES cells 

25 lines will provide a faithful model for understanding 

the differentiation of primate tissues in general and 
human tissues in particular. 

The placenta provides i u s t one example of how 
primate ES cells will provide an accurate model of 

3 0 human development that cannot be provided by ES cells 

from other species . The placenta and extraembryonic 
membranes differ dramatically between mice and humans. 
Structurally, the mouse placenta is classified as 
labyrinthine, whereas the human and the rhesus monkey 

35 placenta are classified as villous. Chorionic 

gonadotropin, expressed by the trophoblast, is an 
essential molecule involved in maternal recognition of 
pregnancy in all primates , including humans (Hearn, J 
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Reprod Fertil 76:809-819, 1986; Hearn et al . , . J Reprod 
Fert 92:497-509, 1991). Trophoblast secretion of 
chorionic gonadotropin in primates maintains tie corpus 
luteum of pregnancy and, thus, progesterone secretion. 
5 Without progesterone, pregnancy fails. Yet mouse 

trophoblast produces no chorionic gonadotropin, and 
mice use entirely different mechanisms for pregnancy 
maintenance (Hearn et al . , "Normal and abnormal embryo- 
fetal development in mammals," In: Lamming E, ed . 

10 Marshall's Physiology of Reproduction . 4th ed . 

Edinburgh, New York: Churchill Livingstone, 53 5-676, 
1994) . An immortal, euploid, primate ES cell line with 
the developmental potential to form trophoblas': in 
vitro , will allow the study of the ontogeny and 

15 function of genes such as chorionic gonadotropin which 

are critically important in human pregnancy. Indeed, 
the differentiation of any tissue for which there are 
significant differences between mice and primates will 
be more accurately reflected in vitro by primate ES 

20 cells than by mouse ES cells. 

The major in vitro models for studying trophoblast 
function include human choriocarcinoma cells, which are 
malignant cells that may not: faithfully reflect normal 
trophectoderm; short-term primary cultures of human and 

25 non-human primate cyt ot rophoblast , which in present 

culture conditions quickly form non-dividing syncytial 
trophoblast; and in vitro culture of pre imp 1 ant at ion 
non- human primate embryos (Hearn, et al . , J . 
Endocrinol . 119:249-255, 19 8 8; Coutifaris, et ill., Ann . 

30 NY Acad . Sci . 191-201, 1994) . An immortal, euploid, 

non-human primate embryonic stem (ES) cell lines with 
the developmental potential to form trophectoderm 

offers significant advantages over present in vitro 

models of human trophectoderm development and function, 

35 as trophoblast - specif ic genes such as chorionic 

gonadotropin could be stably altered in the ES cells 
and then studied during differentiation to 
trophectoderm . 



The cell lines currently available that, resembles 
primate ES cells most closely are human embryonic 
carcinoma (EC) cells, which are pluripotent, immortal 
cells derived from t eratocarc inomas (Andrews, e t al . , 
5 Lab. Invest. 50 (2 ): 147-162 . 1984; Andrews, et ill., in: 

Robertson E . , ed . Teratocarcinomas and Embryonic Stem 
Cells: A Practical Approach . Oxford: IRL press, pp. 
207-246, 1987). EC cells can be induced to 
differentiate in culture, and the differentiation is 

10 characterized by the loss of specific cell surface 

markers (SSEA-3, SSEA-4 , TRA-1-60, and TRA-1-81) and 
the appearance of new markers (Andrews, et al . , 198 7, 
supra ) . Human EC cells will form teratocarcinomas with 
derivatives of multiple embryonic lineages in tumors in 

15 nude mice. However, the range of differentiation of 

these human EC cells is limited compared to the range 
of differentiation obtained with mouse ES cells, and 
all EC cell lines derived to date are aneuploid 
(Andrews, et al. , 1987, supra ) . Similar mouse EC cell 

20 lines have been derived from teratocarcinomas, and, in 

general their developmental potential is much more 
limited than mouse ES cells (Rossant, et aJL . , Cell 
Differ . 15:155-161, 1984). Teratocarcinomas a::e tumors 
derived from germ cells, and although germ cells (like 

25 ES cells) are theoretically totipotent (i.e. capable of 

forming all cell types in the body) , the more limited 
developmental potential and the abnormal karyotypes of 
EC cells are thought to result from selective pressures 
in the teratocarcinoma tumor environment (Rossant & 

30 Papaioannou, Cell Differ 15:155-161, 1984) . ES cells, 

on the other hand, are thought to retain greater 
developmental potential because they are derived from 
normal embryonic cells in vitro , without the selective 
pressures of the teratocarcinoma environment . 

35 Nonetheless, mouse EC cells and mouse ES cells share 

the same unique combination of cell surface markers 
(SSEA-1 {+) , SSEA-3 (-), SSEA-4 (-), and alkaline 
phosphatase ( + ) ) . 



Pluripotent cell lines have also been derived from 
preimplantation embryos of several domestic and 
laboratory animals species (Evans, et al . , 
Theriocrenology 33 (1) :125-128, 1990; Evans, et al . , 
Theriocrenolocrv 3 3 ( 1 ) : 12 5 - 12 8 , 1990; Notarianni, et al., 
»L_ Reprod. Fertil . 41(Suppl.) :51-56, 1990; Giles, et 
al- , Mol . Reprod . Dev. 36:130-138, 1993; Graves, et 
al - , Mol . Reprod . Dev . 36:424-433, 1993 ; Sukoyan, et 
al. , Mol . Reprod . Dev . 33:418-431, 1992; Sukoyan, et 
al., Mol . Reprod . Dev . 36:148-158, 1993; lannaccone, et 
al. , Dev . Biol . 163:288-292, 1994) . 

Whether or not these cell lines are true :3S cells 
lines is a subject about which there may be some 
difference of opinion. True ES cells should: (i) be 
capable of indefinite proliferation in vitro in an 
undifferentiated state; (ii) maintain a normal 
karyotype through prolonged culture; and (iii) maintain 
the potential to differentiate to derivatives of all 
three embryonic germ layers (endoderm, mesoderm, and 
ectoderm) even after prolonged culture . Strong 
evidence of these required properties have: been 
published only for rodents ES cells including mouse 
(Evans & Kaufman, Nature 2 92:154-156, 1981 ; Mairtin, 
Proc Natl Acad Sci USA 7 8:7634-7638, 1981) hamster 
(Doetschmanet al . Dev Biol 127:224-227, 1988), and rat 
(lannaccone et al . Dev Biol 163:288-292, 1994 > , and 
less conclusively for rabbit ES cells (Gileset al . Mol 
Reprod Dev 36:130-138, 1993; Graves & Moreadith, Mol 
Reprod Dev 36:4 24-433, 1993) . However, only- 
established ES cell lines from the rat (lannaccone, et 
al . , 1994, supra ) and the mouse (Bradley, et al . , 
Nature 309:255-256, 1984) have been reported to 
participate in normal development in chimeras. There 
are no reports of the derivation of any primate ES cell 
line . 

Summary of the Invention 
The present invention is a purified preparation of 
primate embryonic stem cells. The primate ES cell 



lines aire true ES cell lines in that they- (i) are 
capable of indefinite proliferation in vitro in an 
undifferentiated state; (ii) are capable of 
differentiation to derivatives of all three embryonic 
5 germ layers (endoderm, mesoderm, and ectoderm) even 

after prolonged culture; and { iii ) maintain a normal 
karyotype throughout prolonged culture. The true 
primate ES cells lines are therefore pluripotent. 

The present invention is also summarized in that 

10 primate ES cell lines are negative for the SSEA-1 

marker, positive for the SSEA-3 marker, and positive 
for the SSEA-4 marker. Preferably, the primate ES cell 
lines are also positive for the TRA- 1-60, and TRA-1-81 
markers, as well as positive for the alkaline 

15 phosphatase marker. 

It is an advantageous feature of the present 
invention that the primate ES cell lines continue to 
proliferate in an undifferentiated state after 
continuous culture for at least one year. In a 

2 0 particularly advantageous embodiment, the cells remain 

euploid after proliferation in an undifferentiated 
state . 

It is a feature of the primate ES cell lines in 
accordance with the present invention that the cells 
25 can differentiate to trophoblast in vitro and express 

chorionic gonadotropin. 

The present invention is also a purified 
preparation of primate embryonic stem cells that has 
the ability to differentiate into cells derived from 

3 0 mesoderm, endoderm, and ectoderm germ layers after the 

cells have been injected into an immunocompromised 
mouse, such as a SCID mouse. 

The present invention is also a method of 
isolating a primate embryonic stem cell line. The 
35 method comprises the steps of isolating a primate 

blastocyst, isolating cells from the inner cellular 
mass (ICM) of the blastocyst, plating the I CM cells on 
a fibroblast layer (wherein ICM-derived cell masses are 
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formed) removing an I CM- derived cell mass and 
dissociating the mass into dissociated cells, replating 
the dissociated cells on embryonic feeder cells and 
selecting colonies with compact morphology containing 
5 cells with a high nucleus/ cytoplasm ratio, and 

prominent nucleoli. The cells of the selected colonies 
are then cultured . 

It is an object of the present invention :o 
provide a primate embryonic stem cell line. 

10 It is an object of the present invention :o 

provide a primate embryonic stem cell line 
characterized by the following markers: alkaline 
phosphatase (+) ; SSEA-l(-); SSEA-3 (+) ; SSEA-4 (+1 ; TRA-1- 
60( + ) ; and TRA-1-8K + ) . 

15 It is an object of the present invention :o 

provide a primate embryonic stem cell line capable of 
proliferation in an undifferentiated state after 
continuous culture for at least one year. Preferably, 
these cells remain euploid. 

20 It is another object of the present invention to 

provide a primate embryonic stem cell line; wherein the 
cells differentiate into cells derived from mesoderm, 
endoderm, and ectoderm germ layers when the cells are 
injected into an immunocompromised mouse. 

25 Other objects, features, and advantages o:: the 

present invention will become obvious after study of 
the specification, drawings, and claims. 

Description of the Drawings 
Fig. 1 is a photomicrograph illustrating normal XY 
30 karyotype of rhesus ES cell line R278.5 after 11 months 

of continuous culture. 

Fig. 2 is a set of phase - contrast photomicrographs 
demonstrating the morphology of undifferentiated rhesus 
ES (R278.5) cells and of cells differentiated ::rom 
35 R278.5 in vitro (bar - lOOpi) . Photograph A 

demonstrates the distinct cell borders, high nucleus to 
cytoplasm ratio, and prominent nucleoli of 
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undif f erentiated rhesus ES cells. Photographs B-D 
shows differentiated cells eight days after plating 
R278.5 cells on gel treated tissue culture plastic 
(with 10 3 units/ml added human LIF) . Cells of these 
5 three distinct morphologies are consistently present 

when R278.5 cells are allowed to differentiate at low 
density without fibroblasts either in the presence or 
absence of soluble human LIF. 

Fig. 3 are photomicrographs demonstrating the 

10 expression of cell surface markers on undifferentiated 

rhesus ES (R278.5) cells (bar = 100/*) . Photograph A 
shows Alkaline Phosphatase (+) ; Photograph B shows 
SSEA-1 (-); Photograph C shows SSEA-3 < + ); 
Photograph D shows SSEA-4 ( + ); Photograph E shows TRA- 

15 1-60 (+) ; and Photograph F shows TRA- 1-81 (+) . 

Fig. 4 is a photograph illustrating expression of 
Q!- fetoprotein mRNA and a- and (3- chorionic 
gonadotrophin mRNA expression in rhesus ES cells 
(R278.5) allowed to differentiate in culture. 

20 Fig. 5 includes six photomicrographs of sections 

of tumors formed by injection of 0.5 X 10 6 rhesus ES 
(R278.5) cells into the hindleg muscles of SCUD mice 
and analyzed 15 weeks later. Photograph A shows a low 
power field demonstrating disorganized dif f erent iat ion 

25 of multiple cell types. A gut-like structure is 

encircled by smooth muscle (s) , and elsewhere foci of 
cartilage (c) are present (bar = 400/x) ; Photograph B 
shows striated muscle (bar = 40/i) ; Photograph C shows 
stratified squamous epithelium with several hair 

30 follicles. The labeled hair follicle (f) has a visible 

hair shaft (bar = 200/x) ; Photograph D shows stratified 
layers of neural cells in the pattern of a developing 
neural tube. An upper "ventricular" layer, containing 
numerous mitotic figures (arrows) , overlies a lower 

35 "mantle" layer. (bar = 100/x) ; Photograph E shows 

ciliated columnar epithelium (bar = 40//) ; Photograph F 
shows villi covered with columnar epithelium with 
interspersed mucus - secret ing goblet cells (bar = 200/x) . 
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Fig. 6 includes photographs of an embryoid Body. 
This embryoid body was formed from a marmoset :3S cell 
line (Cj62) that had been continuously passaged in 
vitro for over 6 months. Photograph A (above) shows a 
5 section of the anterior 1/3 of the embryonic disc. 

Note the primitive ectoderm (E) forms a distinct cell 
layer from the underlying primitive endoderm (e) , with 
no mixing of the cell layers. Note also that amnion 
(a) is composed of two distinct layers; the inner layer 

10 is continuous with the primitive ectoderm at the 

margins. Photograph B (below) shows a section in the 
caudal 1/3 of embryonic disc:. Note centra.l groove 
(arrow) and mixing of primitive ectoderm and endoderm 
representing early primitive streak formation, 

15 indicating the beginning of gastrulat ion . 400X, 

toluidine blue stain. 

Description of the Invention 
( 1 ) In General 

(a) Uses of Primate ES Cells 
20 The present invention is a pluripotent , immortal 

euploid primate ES cell line, as exemplified by the 
isolation of ES cell lines from two primate species, 
the common marmoset ( Cat 11 1 thirlx ja.cch.iis) and the rhesus 
monkey {Ma.ca.ca. mulat ta) . Primate embryonic stem cells 
25 are useful for: 

( i ) Generating transgenic non-human primates 
for models of specific human genetic disease s. Primate 
embryonic stem cells will allow the generation of 
primate tissue or animal models for any human genet i c 
3 0 disease for which the responsible gene has been cloned. 

The human genome project will identify an increasing 
number of genes related to human disease, but will not 
always provide insights into gene function. Transgenic 
nonhuman primates will be essential for elucidating 
35 mechanisms of disease and for testing new therapies. 

<ii) Tissue transplantation . By manipulating 
culture conditions, primate ES cells, human and non- 
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human, can be induced to differentiate to specific cell 
types, such as blood cells, neuron cells, or muscle 
cells. Alternatively, primate ES cells can be allowed 
to differentiate in tumors in SCID mice, the tumors can 
5 be disassociated, and the specific differentiated cell 

types of interest can be selected by the usage of 
lineage specific markers through the use of fluorescent 
activated cell sorting (FACS) or other sorting method 
or by direct microdissection of tissues of interest. 
10 These differentiated cells could then be transplanted 

back to the adult animal to treat specific: diseases, 
such as hematopoietic disorders, endocrine 
deficiencies, degenerative neurological disorders or 
hair loss . 

15 (b) Selection of Model Species 

Macaques and marmosets were used as exemplary 
species for isolation of a primate ES cell line. 
Macaques, such as the rhesus monkey, are Old World 
species that are the major primates used in biomedical 

20 research. They are relatively large (about 7-10 kg) . 

Males take 4-5 years to mature, and females have single 
young. Because of the extremely close anatomical and 
physiological similarities between humans and rhesus 
monkeys, rhesus monkey true ES cell lines provide a 

25 very accurate in vitro model for human differentiation. 

Rhesus monkey ES cell lines and rhesus monkeys will be 
particularly useful in the testing of the safety and 
efficacy of the transplantation of differentiated cell 
types into whole animals for the treatment of specific 

30 diseases or conditions. In addition, the techniques 

developed for the rhesus ES cell lines model the 
generation, characterization and manipulation of human 
ES cell lines . 

The common marmoset ( Cailli thrive ja.cah.us) is a New 

35 World primate species with reproductive characteristics 

that make it an excellent choice for ES cell 
derivation. Marmosets are small (about 350-400 g) , have 
a short gestation period (144 days) , reach sexual 
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maturity in about 18 months, and routinely have twins 
or- triplets. Unlike in macaques, it is possible to 
routinely synchronize ovarian cycles in the marmoset 
with prostaglandin analogs, making collection of age - 
5 matched embryos from multiple females possible, and 

allowing efficient embryo transfer to synchronized 
recipients with 70%-80% of embryos transferred 
resulting in pregnancies. Because of these 

reproductive characteristics that allow for the routine 

10 efficient transfer of multiple embryos, marmosets 

provide an excellent primate species in which to 
generate transgenic models for human diseases . 

There are approximately 200 primate species in the 
world. The most fundamental division that divides 

15 higher primates is between Old World and New world 

species . The evolutionary distance between the rhesus 
monkey and the common marmoset is far greater :han the 
evolutionary distance between humans and rhesus 
monkeys . Because it is here demonstrated that it is 

20 possible to isolate ES cell lines from a representative 

species of both the Old World and New World group using 
similar conditions, the techniques described below may 
be used successfully in deriving ES cell lines in other 
higher primates as well. Given the close evolutionary 

25 distance between rhesus macaques and humans, and the 

fact that feeder-dependent human EC cell lines can be 
grown in conditions similar to those that support 
primate ES cell lines, the same growth conditions will 
allow the isolation and growth of human ES cells. In 

30 addition, human ES cell lines will be permanent cell 

lines that will also be distinguished from all other 
permanent human cell lines by their normal karyotype 
and the expression of the same combination of cell 
surface markers (alkaline phosphotase, SSEA-3, SSEA-4, 

35 TRA-1-60 and TRA-1-81) that characterize other primate 

ES cell lines. A normal karyotype and the expression 
of this combination of cell surface markers will be 
defining properties of true human ES cell lines, 
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regardless of the method used for their isolation and 
regardless of their tissue of origin. 

No other primate (human or non-human) ES cell line 
is known to exist. The only published permanent, 
5 euploid, embryo-derived cell lines that have been 

convincingly demonstrated to differentiate into 
derivatives of all three germ layers have been derived 
from rodents (the mouse, rat, and hamster), and 
possibly from rabbit. The published reports of embryo - 

10 derived cell lines from domestic species have failed to 

convincingly demonstrate differentiation of derivatives 
of all three embryonic germ layers or have not been 
permanent cell lines. Research groups in Britain and 
Singapore are informally reported, later than :he work 

15 described here, to have attempted to derive human ES 

cell lines from surplus in vitro fert il izat ion -produced 
human embryos, although they have not yet reported 
success in demonstrating pluripotency of their cells 
and have failed to isolate permanent cell lines. In 

20 the only published report on attempts to isolate human 

ES cells, conditions were used (LIF in the absence of 
fibroblast feeder layers) that the results below will 
indicate will not result in primate ES cells which can 
remain in an undifferentiated state. It is no 1 : 

25 surprising, then that the cells grown out of human ICMs 

failed to continue to proliferate after 1 or 2 
subcultures, Bongso et al . Hum . Reprod . 9 : 2100 - 2117 
(1994 ) . 

( 2 ) Embryonic Stem Cell Isolation 

3 0 A preferable medium for isolation of embryonic 

stem cells is "ES medium." ES medium consists of 80% 
Dulbecco's modified Eagle's medium ( DMEM ; no pyruvate, 
high glucose formulation, Gibco BRL) , with 2 0% fetal 
bovine serum (FBS; Hyclone) , 0.1 mM (3 -mercapt oet hanol 

35 (Sigma) , 1% non-essential amino acid stock ( Gibco BRL) . 

Preferably, fetal bovine serum batches are compared by 
testing clonal plating efficiency of a low passage 
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mouse ES cell line (ES jt3 ) , a cell line developed just 
for the purpose of this test . FBS batches must be 
compared because it has been found that batches vary 
dramatically in their ability to support embryonic cell 
5 growth, but any other method of assaying the competence 

of FBS batches for support of embryonic cells will work 
as an alternative. 

Primate ES cells are isolated on a confluent layer 
of murine embryonic fibroblast in the presence of ES 

10 cell medium. Embryonic fibroblasts are preferably 

obtained from 12 day old fetuses from outbred CF1 mice 
(SASCO) , but other strains may be used as an 
alternative- Tissue culture dishes are preferably 
treated with 0.1% gelatin (type I; Sigma) . 

15 For rhesus monkey embryos, adult female rhesus 

monkeys (greater than four years old) demonstrating 
normal ovarian cycles are observed daily for evidence 
of menstrual bleeding (day 1 of cycle = the day of 
onset of menses) . Blood samples are drawn daily during 

20 the follicular phase starting from day 8 of the 

menstrual cycle, and serum concentrations of 
luteinizing hormone are determined by radioimmunoassay. 
The female is paired with a male rhesus monkey of 
proven fertility from day 9 of the menstrual cycle 

25 until 48 hours after the luteinizing hormone surge; 

ovulation is taken as the day following the luteinizing 
hormone surge . Expanded blastocysts are collected by 
non-surgical uterine flushing at six days after 
ovulation. This procedure routinely results in the 

3 0 recovery of an average 0.4 to 0.6 viable embryos per 

rhesus monkey per month, Seshagiri et al . Am J Primatol 
29 : 81-91, 1993 . 

For marmoset embryos, adult female marmosets 
(greater than two years of age) demonstrating regular 

35 ovarian cycles are maintained in family groups, with a 

fertile male and up to five progeny. Ovarian cycles 
are controlled by intramuscular injection of 0.75 g of 
the prostaglandin PGF2 a analog cloprostenol (Estrumate, 
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Mobay Corp, Shawnee, KS ) during the middle to late 
luteal phase . Blood samples are drawn on day D 
(immediately before cloprostenol injection) , and on 
days 3, 7, 9, 11, and 13. Plasma progesterone 
5 concentrations are determined by ELI SA . The day of 

ovulation is taken as the day preceding a plasma 
progesterone concentration of 10 ng/ml or more. At 
eight days after ovulation, expanded blastocysts are 
recovered by a non-surgical uterine flush procedure, 

10 Thomson et al . "Non-surgical uterine stage 

preimplantat ion embryo collection from the common 
marmoset," J Med Primatol , 23:333-336 (1994) . This 
procedure results in the average production of 1.0 
viable embryos per marmoset per month. 

15 The zona pellucida is removed from blastocysts by 

brief exposure to pronase (Sigma) . For immunosurgery, 
blastocysts are exposed to a 1:50 dilution of rabbit 
ant i -marmoset spleen cell antiserum (for marmoset 
blastocysts) or a 1:50 dilution of rabbit anti-rhesus 

2 0 monkey (for rhesus monkey blastocysts) in DMEM for 3 0 

minutes, then washed for 5 minutes three times in DMEM, 
then exposed to a 1:5 dilution of Guinea pig complement 
(Gibco) for 3 minutes. 

After two further washes in DMEM, lysed 
25 trophectoderm cells are removed from the intact inner 

cell mass (ICM) by gentle pipetting, and the I CM plated 
on mouse inactivated (3 000 rads gamma irradiation) 
embryonic fibroblasts. 

After 7-21 days, ICM-derived masses are removed 

3 0 from endoderm outgrowths with a micropipette with 

direct observation under a stereo microscope, exposed 
to 0.05% Tryp sin- EDTA (Gibco) supplemented with 1% 
chicken serum for 3-5 minutes and gently dissociated by 
gentle pipetting through a flame polished micropipette . 
35 Dissociated cells are replated on embryonic feeder 

layers in fresh ES medium, and observed for colony 
formation. Colonies demonstrating ES-like morphology 
are individually selected, and split again as described 
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above . The ES-like morphology is defined as compact 
colonies having a high nucleus to cytoplasm ra:io and 
prominent nucleoli. Resulting ES cells are then 
routinely split by brief t rypsinizat ion or exposure to 
5 Dulbecco's Phosphate Buffered Saline (without calcium 

or magnesium and with 2 mM EDTA) every 1-2 weexs as the 
cultures become dense. Early passage cells are also 
frozen and stored in liquid nitrogen. 

Cell lines may be karyotyped with a standard G- 

10 banding technique (such as by the Cytogenetics 

Laboratory of the University of Wisconsin State Hygiene 
Laboratory, which provides routine karyotyping 
services) and compared to published karyotypes for the 
primate species . 

15 Isolation of ES cell lines from other primate 

species would follow a similar procedure, except that 
the rate of development to blastocyst can vary by a few 
days between species, and the rate of development of 
the cultured ICMs will vary between species. :"or 

2 0 example, six days after ovulation , rhesus monkey 

embryos are at the expanded blastocyst stage, whereas 
marmoset embryos don't reach the same stage until 7-8 
days after ovulation. The Rhesus ES cell lines were 
obtained by splitting the ICM-derived cells for the 

25 first time at 7-16 days after immunosurgery ; whereas 

the marmoset ES cells were derived with the initial 
split at 7-10 days after immunosurgery. Because other 
primates also vary in their developmental rate , the 
timing of embryo collection, and the timing of the 

30 initial ICM split will vary between primate species, 

but the same techniques and culture conditions will 
allow ES cell isolation. 

Because ethical considerations in the U.S. do not 
allow the recovery of human in vivo fertilized 

35 preimplantat ion embryos from the uterus, human ES cells 

that are derived from preimplantat ion embryos will be 
derived from in vitro fertilized (IVF) embryos. 
Experiments on unused (spare) human IVF -produced 
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embryos are allowed in many countries, such as 
Singapore and the United Kingdom, if the embryos are 
less than 14 days old. Only high quality embryos are 
suitable for ES isolation. Present defined cuLture 
5 conditions for culturing the one cell human embryo to 

the expanded blastocyst are suboptimal but practicable, 
Bongso et al . , Hum Reorod 4:706-713, 1989. Co - 
culturing of human embryos with human ovicluctal cells 
results in the production of high blastocyst quality. 
10 IVF-derived expanded human blastocysts grown in 

cellular co-culture, or in improved defined medium, 
will allow the isolation of human ES cells with the 
same procedures described above for nonhuman primates . 

( 3 ) Defining Characteristics of Primate ES Cells 
15 Primate embryonic stem cells share features with 

the primate 1CM and with pluripotent human embryonal 
carcinoma cells. Putative primate ES cells may 
therefore be characterized by morphology and by the 
expression of cell surface markers characteristic of 
20 human EC cells. Additionally, putative primate ES cells 

may be characterized by developmental potential, 
karyotype and immortality. 
C a ) Morphology 

The colony morphology of primate embryonic stem 
25 cell lines is similar to, but distinct from, mouse 

embryonic stem cells. Both mouse and primate ES cells 
have the characteristic features of undifferentiated 
stem cells, with high nuclear/cytoplasmic ratios, 
prominent nucleoli, and compact colony formation. The 
30 colonies of primate ES cells are flatter than mouse ES 

cell colonies and individual primate ES cells can be 
easily distinguished. In Fig. 2, reference character A 
indicates a phase contrast photomicrograph of cell line 
R278.5 demonstrating the characteristic primate ES cell 
3 5 morphology. 

( b ) Cell Surface Markers 

A primate ES cell line of the present invention is 
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distinct from mouse ES cell lines by the presence or 
absence of the cell surface markers described below. 

One set of glycolipid cell surface markers is 
known as the St age - specif ic embryonic antigens 1 
5 through 4. These antigens can be identified using 

antibodies for SSEA 1, SSEA-3 and SSEA-4 which are 
available from the Developmental Studies Hybridoma Bank 
of the National Institute of Child Health and Human 
Development. The cell surface markers referred to as 

10 TRA-1-60 and TRA-1-81 designate antibodies from 

hybridomas developed by Peter Andrews of the University 
of Sheffield and are described in Andrews et a.L . , "Cell 
lines from human germ cell tumors," In: Robertson E, 
ed. Teratocarcinomas and Embryonic Stem Cells : A 

15 Practical Approach . Oxford: IRL Press, 20 7-246, 1987. 

The antibodies were localized with a biotinylaied 
secondary antibody and then an avidin/biotinylated 
horseradish peroxidase complex (Vectastain ABC System, 
Vector Laboratories) . Alternatively, it should also be 

20 understood that other antibodies for these same cell 

surface markers can be generated. NT ERA - 2; cl . Dl, a 
pluripotent human EC cell line (gift of Peter Andrews) , 
may be used as a negative control for SSEA-1, and as a 
positive control for SSEA-3, SSEA-4, TRA-1-6 0, and TRA- 

25 1-81. This cell line was chosen for positive control 

only because it has been extensively studied and 
reported in the literature, but other human EC cell 
lines may be used as well . 

Mouse ES cells (ES Jt3 ) are used as a positive 

3 0 control for SSEA-1, and for a negative control for 

SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81. Other routine 
negative controls include omission of the primary or 
secondary antibody and substitution of a primary 
antibody with an unrelated specificity. 

3 5 Alkaline phosphatase may be detected following 

fixation of cells with 4% para- formaldehyde using 
"Vector Red" (Vector Laboratories) as a substrate, as 
described by the manufacturer (Vector Laboratories) . 
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The precipitate formed by this substrate is red when 
viewed with a rhodamine filter system, providing 
substantial amplification over light microscopy. 

Table 1 diagrams a comparison of mouse ES cells, 
5 primate ES cells, and human EC cells. The only cells 

reported to express the combination of markers SSEA-3, 
SSEA-4, TRA-1-60, and TRA-1-81 other than primate ES 
cells are human EC cells. The globo-series glycolipids 
SSEA-3 and SSEA-4 are consistently present on numan EC 

10 cells, and are of diagnostic value in distinguishing 

human EC cell tumors from human yolk sac carcinomas, 
choriocarcinomas, and other lineages which lacx these 
markers, Wenk et al . , Int J Cancer 58:108-115, 19 94. A 
recent survey found SSEA-3 and SSEA-4 to be present on 

15 all of over 4 0 human EC cell lines examined, Wenk et 

al . TRA-1-60 and TRA-1-81 antigens have been studied 
extensively on a particular pluripotent human :5C cell 
line, NTERA-2 CL. Dl, Andrews et al , supra . 
Differentiation of NTERA-2 CL. Dl cells in vitro 

20 results in the loss of SSEA-3, SSEA-4, TRA-1-60, and 

TRA-1-81 expression and the increased expression of the 
lacto-series glycolipid SSEA-1, Andrews et al, supra . 
This contrasts with undifferentiated mouse ES cells, 
which express SSEA-1, and neither SSEA-3 nor SSEA-4 . 

25 Although the function of these antigens are unknown , 

their shared expression by R278.5 cells and human EC 
cells suggests a close embryological similarity. 
Alkaline phosphatase will also be present on all 
primate ES cells. A successful primate ES cell culture 

30 of the present invention will correlate with the cell 

surface markers found in the rhesus macaque and 
marmoset cell lines described in Table 1. 

As disclosed below in Table 1, the rhesus macaque 
and marmoset cell lines are identical to human EC cell 

3 5 lines for the 5 described markers. Therefore, a 

successful primate ES cell culture will also mimic 
human EC cells. However, there are other ways to 
discriminate ES cells from EC cells. For example, the 
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primate ES cell line has a normal karyotype and the 
human EC cell line is aneuploid. 

In Fig. 3, the photographs labelled A through F 
demonstrate the characteristic staining of these 
5 markers on a rhesus monkey ES cell line designated 

R278 . 5 . 

Table 1 

Mouse C. jacchus M . mulatta Human EC 

ES ES ES (NTERA-2 cl.Dl) 

10 SSEA-1 + 

SSEA-3 + + + 

SSEA-4 + + + 

Tra-1-60 + + + 

Tra- 1 - 81 - + + + 

15 (c) Developmental Potential 

Primate ES cells of the present invention are 
pluripotent . By "pluripotent " we mean that the cell 
has the ability to develop into any cell derived from 
the three main germ cell layers or an embryo itself. 

20 When injected into SCID mice, a successful primate ES 

cell line will differentiates into cells derived from 
all three embryonic germ layers including: bone, 
cartilage, smooth muscle, striated muscle, and 
hematopoietic cells (mesoderm) ; liver, primitive gut 

25 and respiratory epithelium ' endoderm ) ; neurons, glial 

cells, hair follicles, and tooth buds (ectoderm) . 

This experiment can be accomplished by injecting 
approximately 0.5-1.0 X 10 6 primate ES cells into the 
rear leg muscles of 8-12 week old male SCID mice. The 

3 0 resulting tumors can be fixed in 4% paraformaldehyde 

and examined histologically after paraffin embedding at 
8-16 weeks of development. In Fig. 4, photomicrographs 
designated A-F are of sections of tumors formed by 
injection of rhesus ES cells into the hind, leg muscles 

35 of SCID mice and analyzed 15 weeks later demons t rat ing 

cartilage, smooth muscle, and striated muscle 
(mesoderm) ; stratified squamous epithelium with hair 



follicles, neural tube with ventricular, intermediate, 
and mantle layers (ectoderm) ; ciliated columnar 
epithelium and villi lined by absorptive enterocytes 
and mucus-secreting goblet cells (endoderm) . 

A successful nonhuman primate ES cell line will 
have the ability to participate in normal development 
when combined in chimeras with normal pre implantation 
embryos. Chimeras between preimplantat ion noaiuman 
primate embryos and nonhuman primate ES cells can be 
formed by routine methods in several ways. (i) 
injection chimeras: 10-15 nonhuman primate ES cells 
can be mi croin j ec t ed into the cavity of an expanded 
nonhuman primate blastocyst; (ii) aggregation chimeras 
nonhuman primate morulae can be co- cultured on a lawn 
of nonhuman primate ES cells and allowed to aggregate, - 
and (iii) tetraploid chimeras: 10-15 nonhuman primate 
ES cells can be aggregated with tetraploid nonhuman 
primate morulae obtained by electrof usion of 2 -cell 
embryos, or incubation of morulae in the cyt oskeletal 
inhibitor cholchicine . The chimeras can be returned t 
the uterus of a female nonhuman primate and allowed to 
develop to te rtn, and the ES cells will contribute to 
normal differentiated tissues derived from all three 
embryonic germ layers and to germ cells. Because 
nonhuman primate ES can be genetically manipulated 
prior to chimera formation by standard techniques, 
chimera formation followed by embryo transfer can lead 
to the production of transgenic nonhuman primates . 

( d) Karyotype 

Successful primate ES cell lines have normal 
karyotypes. Both XX and XY cells lines will be 
derived. The normal karyotypes in primate ES cell 
lines will be in contrast to the abnormal karyotype 
found in human embryonal carcinoma (EC) , which are 
derived from spontaneously arising human germ cell 
tumors { teratocarcinomas ) . Human embryonal carcinoma 
cells have a limited ability to differentiate into 
multiple cell types and represent the closest existing 
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cell lines to primate ES cells. Although tumor-derived 
human embryonal carcinoma cell lines have some 
properties in common with embryonic stem cell lines, 
all human embryonal carcinoma cell lines derived to 
5 date are aneuploid. Thus, primate ES cell lines and 

human EC cell lines can be distinguished by the normal 
karyotypes found in primate ES cell lines and :he 
abnormal karyotypes found in human EC lines. By 
"normal karyotype" it is meant that all chromosomes 

10 normally characteristic of the species are present and 

have not been noticeably altered. 

Because of the abnormal karyotypes of human 
embryonal carcinoma cells, it is not clear how 
accurately their differentiation reflects normal 

15 differentiation. The range of embryonic and extra- 

embryonic differentiation observed with primates ES 
cells will typically exceed that observed in any human 
embryonal carcinoma cell line, and the normal 
karyotypes of the primate ES cells suggests that this 

20 differentiation accurately recapitulates normal 

differentiation . 

( e ) Immortality 

Immortal cells are capable of continuous 
indefinite replication in vitro . Continued 

25 proliferation for longer than one year of culture is a 

sufficient evidence for immortality, as primary cell 
cultures without this property fail to continuously 
divide for this length of time (Freshney, Culture of 
animal cells . New York: Wiley-Liss, 1994) . Primate ES 

30 cells will continue to proliferate in vitr o with the 

culture conditions described above for longer than one 
year, and will maintain the developmental potential to 
contribute all three embryonic germ layers . This 
developmental potential can be demonstrated by the 

35 injection of ES cells that have been cultured ::or a 

prolonged period (over a year) into SCID mice and then 
histologically examining the resulting tumors. 
Although karyotypic changes can occur randomly with 
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prolonged culture, some primate ES cells will maintain 
a normal karyotype for longer than a year of continuous 
cul ture . 

( f ) Culture Conditions 
5 Growth factor requirements to prevent 

differentiation are different for the primate ES cell 
line of the present invention than the requirements for 
mouse ES cell lines. In the- absence of fibroblast 
feeder layers, Leukemia inhibitory factor (LIF) is 

10 necessary and sufficient to prevent differentiation of 

mouse ES cells and to allow their continuous passage. 
Large concentrations of cloned LIF fail to prevent 
differentiation of primate ES cell lines in the absence 
of fibroblast feeder layers. In this regard, primate 

15 ES stem cells are again more similar to human EC cells 

than to mouse ES cells, as the growth of feeder- 
dependent human EC cells lines is not supported by LIF 
in the absence of fibroblasts. 

( g ) Differentiation to Extra Embryonic T issues 

2 0 When grown on embryonic fibroblasts and allowed to 

grow for two weeks after achieving confluence (i.e. , 
continuously covering the culture surface) , primate ES 
cells of the present invention spontaneously- 
different iate and will produce chorionic gonadotropin, 
25 indicating trophoblast differentiation (a component of 

the placenta) and produce oi- fetoprotein, indicating 
endoderm differentiation. Chorionic gonadotropin 
activity can be assayed in the medium conditioned by 
differentiated cells by Leydig cell bioassay, Seshagiri 

3 0 & Hearn, Hum Reprod 8:279-287, 1992. For mRNA 

analysis, RNA can be prepared by guanidine 
isothiocyanate -phenol /chloroform extraction (1* from 
approximately 0.2 X 10 6 differentiated cells ar.d from 
0.2 X 10 6 undifferentiated cells. The relative: levels 
3 5 of the mRNA for a - f et oprot e in and the a - and (3 - subuni t 

of chorionic gonadotropin relative to glyceraldehyde - 3 - 
phosphate dehydrogenase can be determined by semi- 
quantitative Reverse Transcript ase - Polymerase Chain 
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Reaction (RT-PCR) . The PCR primers for glyceraldehyde 
3-phosphate dehydrogenase (G3PDH) , obtained from 
Clontech (Palo Alto, CA) , aire based on the human cDNA 
sequence, and do not amplify mouse G3 PDH mRNA under our 
5 conditions. Primers for the ot- fetoprotein mRNA are 

based on the human sequence and flank the 7th Intron 
(5' primer = (5') GCTGGATTGTCTGCAGGATGGGGAA (S:3Q ID NO: 
1); 3' primer = (5') T C C C C T G AAG AAAAT T GG T T AAAAT ( SEQ ID 
NO: 2)) . They amplify a cDNA of 216 nucleotides. 

10 Primers for the (3 - subunit of chorionic gonadotropin 

flank the second intron (5' primer = (5') ggatc 
CACCGTCAACACCACCATCTGTGC (SEQ ID NO : 3); 3' primer = 
(5') ggatc CACAGGTCAAAGGGTGGTCCTTGGG (SEQ ID NO: 4)) 
(nucleotides added to the hCGb sequence to facilitate 

15 sub-cloning are shown in lower case italics) . They 

amplify a cDNA of 262 base pairs. The primers for the 
CGa. subunit can be based on sequences of the first and 
fourth exon of the rhesus gene (5' primer = (5' ) 
gggaattc G C AGT T AC T G AG AA C T C A C AAG (SEQ ID NO : 5); 3' 

20 primer = (5') gggaattc GAAG C ATGT CAAAGTGGT ATGG (SEQ ID 

NO: 6} ) and amplify a cDNA of 556 base pairs. The 
identity of the a - fetoprotein , CGaf and CG/3 cDNAs can be 
verified by subcloning and sequencing. 

For Reverse Transcript ase - Polymerase Chain 

25 Reaction (RT-PCR), 1 to 5 /xl of total R278.5 RNA can be 

reverse transcribed as described Golos et a.l . 
Endocrinology 133(4) :1744-1752, 1993, and one to 20 jLtl 
of reverse transcription reaction was then subjected to 
the polymerase chain reaction in a mixture containing 

30 1-12.5 pmol of each G3PDH primer, 10-25 pmol of each 

mRNA specific primer, 0.2 5 mM dNTPs (Pharmacia, 
Piscataway, NJ) , IX AmpliTaq buffer (final reaction 
concentrations = 10 mM Tris, pH 8.3, 5 0 mM KCl , 1.5 mM 
MgCl2, 0.001% (w/v) gelatin) 2.5 yuCi of deoxycytidine 

35 5 ' a [3 2P] triphosphate (DuPont, Boston, MA) , 10% glycerol 

and 1.25 U of AmpliTaq ( Perkin - Elmer , Oak Brook, IL) in 
a total volume of 50 ^1. The number of amplification 
rounds which produced linear increases in target cDNAs 
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and the relation between input RNA and amount of PCR 
product is empirically determined as by Golos et al . 
Samples were fractionated in 3% Nusieve ( FMC , Rockland, 
ME) agarose gels (IX TBE running buffer) and DNA bands 
5 of interest were cut out, melted at 65°C in 0 . 5 ml TE, 

and radioactivity determined by liquid scintillation 
counting. The ratio of counts per minute in a specific 
PCR product relative to cpm of G3 PDH PCR product is 
used to estimate the relative levels of a mRNAs among 

10 differentiated and undifferentiated cells. 

The ability to differentiate into trophectoderm in 
vitro and the ability of these differentiated cells to 
produce chorionic gonadotropin distinguishes the 
primate ES cell line of the present invention from all 

15 other published ES cell lines. 

Examples 

( 1 ) Animals and Embryos 

As described above, we have developed a technique 
for non-surgical, uterine - stage embryo recovery from 

2 0 the rhesus macaque and the common marmoset. 

To supply rhesus embryos to interested 
investigators, The Wisconsin Regional Primate Research 
Center (WRPRC) provides a preimplant at ion embryo 
recovery service for the rhesus monkey, using "he non- 
25 surgical flush procedure described above. During 1994, 
151 uterine flushes were attempted from rhesus monkeys, 
yielding 80 viable embryos (0.53 embryos per flush 
attempt) . 

By synchronizing the reproductive cycles of 

3 0 several marmosets, significant numbers of In vivo 

produced, age -matched, pre implant at ion primate embryos 
were studied in controlled experiments for the first 
time. Using marmosets from the self-sustaining colony 
(250 animals) of the Wisconsin Regional Primate 
35 Research Center (WRPRC) , we recovered 54 viable morulae 

or blastocysts, 7 unfertilized oocytes or degenerate 
embryos, and 5 empty zonae pellucidae in a total of 54 
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flush attempts (1.0 viable embryo - flush attemp:) . 
Marmosets have a 28 day ovarian cycle, and because this 
is a non-surgical procedure, females can be flushed on 
consecutive months, dramatically increasing the embryo 
5 yield compared to surgical techniques which require 

months of rest between collections. 
( 2 ) Rhesus Macaque Embryonic Stem Cells 

Using the techniques described above, we have 
derived three independent embryonic stem cell lines 

10 from two rhesus monkey blastocysts (R278.5, R366, and 

R367) . One of these, R278.5, remains undifferentiated 
and continues to proliferate after continuous culture 
for over one year. R278 . 5 cells have also been frozen 
and successfully thawed with the recovery of viable 

15 cells . 

The morphology and cell surface markers of R2 7 8 . 5 
cells are indistinguishable from human EC cells, and 
differ significantly from mouse ES cells. R278.5 cells 
have a high nucleus/cytoplasm ratio and prominent 

2 0 nucleoli, but rather than forming compact, piled-up 

colonies with indistinct cell borders similar to mouse 
ES cells, R278.5 cells form flatter colonies with 
individual, distinct cells (Fig 2 A) . R278.5 cells 
express the SSEA-3, SSEA-4, TRA-1-60, and TRA- 81 

25 antigens (Fig 3 and Table 1) , none of which are 

expressed by mouse ES cells. The only cells known to 
express the combination of markers SSEA-3, SSEA-4, TRA- 
1-60, and TRA- 1-81 other than primate ES cells are 
human EC cells. The globo-series glycolipids SSEA-3 

30 and SSEA-4 are consistently present on human EC cells, 

and are of diagnostic value in distinguishing human EC 
cell tumors from yolk sac carcinomas, chorioca:rcinomas 
and other stem cells derived from human germ cell 
tumors which lack these markers, Wenk et al, I nt J 

35 Cancer 58:108-115, 1994. A recent survey found SSEA-3 

and SSEA-4 to be present on all of over 4 0 human EC 
cell lines examined (Wenk et: al . ) . 

TRA-1-60 and TRA- 1-81 antigens have been studied 
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extensively on a particular pluripotent human EC cell 
line, NT ERA - 2 CL. Dl (Andrews et al . ) - Differentiation 
of NTERA-2 CL. Dl cells in vitro results in the loss of 
SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81 expression and 
5 the increased expression of the lacto-series glycolipid 

SSEA-1. Undifferentiated mouse ES cells, on tne other 
hand, express SSEA-1, and not SSEA-3, SSEA-4, TRA-1-60 
or TRA-1-81 (Wenk et al . ) . Although the function of 
these antigens is unknown, their expression by R278.5 
10 cells suggests a close embryological similarity between 

primate ES cells and human EC cells, and fundamental 
differences between primate ES cells and mouse ES 
cells . 

R278.5 cells also express alkaline phosphatase. 

15 The expression of alkaline phosphatase is shared by 

both primate and mouse ES cells, and relatively few 
embryonic cells express this enzyme . Positive cells 
include the ICM and primitive ectoderm (which are the 
most similar embryonic cells in the intact embryo to ES 

20 cells) , germ cells, (which are totipotent) , and a very 

limited number of neural precursors , Kaufman MH . The 
atlas of mouse development . London: Academic Press, 
1992. Cells not expressing this enzyme will not be 
primate ES cells . 

25 Although cloned human LIF was present in the 

medium at cell line derivation and for initial 
passages, R278.5 cells grown on mouse embryonic 
fibroblasts without exogenous LIF remain 

undifferentiated and continued to prolif erate . R278.5 
30 cells plated on gelatin- treated tissue culture plates 

without fibroblasts differentiated to multiple cell 
types or failed to attach and died, regardless of the 
presence or absence of exogenously added human LIF (Fig 
2) . Up to 10 4 units/ ml human LIF fails to prevent 
35 differentiation. In addition, added LIF fails to 

increase the cloning efficiency or proliferation rate 
of R278.5 cells on fibroblasts. Since the derivation 
of the R278.5 cell line, we have derived two additional 
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rhesus ES cell lines (R3 6 6 and R3 6 7 ) on embryonic 
fibroblasts without any exogenous ly added LIF at 
initial derivation. R366 and R3 6 7 cells, like R278.5 
cells, continue to proliferate on embryonic fibroblasts 
5 without exogenously added LIF and differentiate in the 

absence of fibroblasts, regardless of the presence of 
added LIF . RT-PCR performed on mRNA from 
spontaneously differentiated R278.5 cells revealed 
fetoprotein mRNA (Fig 4) . a- fetoprotein is a specific 

10 marker for endoderm, and is expressed by both extra- 

embryonic (yolk sac) and embryonic (fetal liver and 
intestines) endoderm-der ived tissues. Epithelial cells 
resembling extraembryonic endoderm are present in cells 
differentiated in vitro from R278.5 cells (Fig. 2) . 

15 Bioactive CG (3.89 ml units/ml) was present in culture 

medium collected from differentiated cells, but not in 
medium collected from undifferentiated cells (less than 
0.03 ml units/ml) , indicating the differentiation of 
trophoblast, a trophectoderm derivative. The relative 

20 level of the CGc* mRNA increased 23.9-fold after 

differentiation (Fig. 4) . 

All SCID mice injected with R278.5 cells in either 
int ra-muscular or intra- test: icular sites formed tumors, 
and tumors in both sites demonstrated a similar range 

25 of differentiation. The oldest tumors examined (15 

weeks) had the most advanced differentiation, and all 
had abundant, unambiguous derivatives of all three 
embryonic germ layers, including gut and respiratory 
epithelium (endoderm) ; bone, cartilage, smooth muscle, 

30 striated muscle (mesoderm) ; ganglia, glia., neural 

precursors, and stratified squamous epithelium 
(ectoderm) , and other unidentified cell types (Fig. 5) . 
In addition to individual cell types, there was 
organized development of some structures which require 

35 complex interactions between different cell types . 

Such structures included gut lined by villi with both 
absorptive enterocytes and mucus - secret ing goblet 
cells, and sometimes encircled by layers of smooth 
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muscle in the same orientation as muscularis mucosae 
(circular) and muscularis (outer longitudinal layer and 
inner circular layer) ; neural tubes with ventricular, 
intermediate, and mantle layers; and hair follicles 
5 with hair shafts (Fig. 5) . 

The essential characteristics that define R278.5 
cells as ES cells include: indefinite (greater than 
one year) undifferentiated proliferation in vitro , 
normal karyotype, and potential to differentiate to 

10 derivatives of t rophec toderm and all three embryonic 

germ layers. In the mouse embryo, the last cells 
capable of contributing to derivatives of both 
trophectoderm and ICM are early ICM cells . The timing 
of commitment to I CM or trophectoderm has not jeen 

15 established for any primate species, but the potential 

of rhesus ES cells to contribute to derivatives of both 
suggests that they most closely resemble early 
totipotent embryonic cells. The ability of rhesus ES 
cells to form trophoblast in vitro distinguishes 

20 primate ES cell lines from mouse ES cells. Mouse ES 

cell have not been demonstrated to form trophoblast in 
vitro , and mouse trophoblast: does not produce 
gonadotropin. Rhesus ES cells and mouse ES cells do 
demonstrate the similar wide range of differentiation 

25 in tumors that distinguishes ES cells from EC cells. 

The development of structures composed of multiple cell 
types such as hair follicles, which require inductive 
interactions between the embryonic epidermis and 
underlying mesenchyme, demonstrates the ability of 

30 rhesus ES cells to participate in complex developmental 

processes . 

The rhesus ES lines R366 and R367 have also been 
further cultured and analyzed. Both lines have a 
normal XY karyotype and were proliferated in an 
35 undifferentiated state for about three months prior to 

freezing for later analysis. Samples of each of the 
cell lines R366 and R3 6 7 were injected into SCID mice 
which then formed teratomas identical to those formed 
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by R278.5 cells. An additional rhesus cell line R394 
having a normal XX karyotype was also recovered. All 
three of these cell lines, R366 , R367 and R394 are 
identical in morphology, growth characteristics, 
5 culture requirements and in vitro differentiation 

characteristics, i.e. the trait of differentiation to 
multiple cell types in the absence of fibroblasts, to 
cell line 278.5. 

It has been determined that LIF is not required 

10 either to derive or proliferate these ES cultures. 

Each of the cell lines R366, R367 and R394 were derived 
and cultured without exogenous LIF. 

It has also been demonstrated that the particular 
source of fibroblasts for co-culture is not critical . 

15 Several fibroblast cell lines have been tested both 

with rhesus line R278 . 5 and with the marmoset cell 
lines described below. The fibroblasts tested include 
mouse STO cells (ATCC 56-X) , mouse 3T3 cells (ATCC 48- 
X) , primary rhesus monkey embryonic fibroblasts derived 

20 from 36 day rhesus fetuses, and mouse Sl/Sl 4 cells, 

which are deficient in the steel factor. All these 
fibroblast cell lines were capable of maintaining the 
stem cell lines in an undifferentiated state . Most 
rapid proliferation of the stem cells was observed 

25 using primary mouse embryonic fibroblasts. 

Unlike mouse ES cells, neither rhesus ES cells nor 
feeder-dependent human EC cells remain undifferentiated 
and proliferate in the presence of soluble human LIF 
without fibroblasts. The factors that fibroblasts 

30 produce that prevent the differentiation of rhesus ES 

cells or feeder-dependent human EC cells are unknown, 
but the lack of a dependence on LIF is another 
characteristic that distinguishes primate ES cells from 
mouse ES cells . The growth of rhesus monkey ES cells 

35 in culture conditions similar to those required by 

feeder-dependent human EC cells, and the identical 
morphology and cell surface markers of rhesus ES cells 
and human EC cells, suggests that similar culture 
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conditions will support human ES cells. 

Rhesus ES cells will be important for elucidating 
the mechanisms that control the differentiation of 
specific primate cell types. Given the close 
5 evolutionary distance and the developmental and 

physiological similarities between humans and rhesus 
monkeys, the mechanisms controlling the differentiation 
of rhesus cells will be very similar to the mechanisms 
controlling the differentiation of human cells. The 

10 importance of elucidating these mechanisms is that once 

they are understood, it will be possible to direct 
primate ES cells to differentiate to specific cell 
types in vitro , and these specific cell types can be 
used for transplantation to treat specific diseases. 

15 Because ES cells have the developmental potential 

to give rise to any differentiated cell type, any 
disease that results in part; or in whole from the 
failure (either genetic or acquired) of specific cell 
types will be potentially treatable through the 

20 transplantation of cells derived from ES cells. Rhesus 

ES cells and rhesus monkeys will be invaluable for 
testing the efficacy and safety of the transplantation 
of specific cell types derived from ES cells. A few 
examples of human diseases potentially treatable by 

25 this approach with human ES cells include degenerative 

neurological disorders such as Parkinson's disease 
(dopanergic neurons) , juvenile onset diabetes 
(pancreatic £?-islet cells) or Acquired Immunodeficiency 
Disease (lymphocytes) . Because undifferentiated ES 

30 cells can proliferate indefinitely in vitr o, they can 

be genetically manipulated with standard techniques 
either to prevent immune rejection after 

transplantation, or to give them new genetic properties 
to combat specific diseases. For specific cell types 
35 where immune rejection can be prevented, cells derived 

from rhesus monkey ES cells or other non-human primate 
ES cells could be used for transplantation to humans to 
treat specific diseases . 
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( 3 ) Marmoset Embryonic Stem Cells 

Our method for creating an embryonic stem cell 
line is described above. Using isolated ICM's derived 
by immunosurgery from marmoset blastocysts, we have 
5 isolated 7 putative ES cell lines, each of which have 

been cultured for over 6 months . 

One of these, Cjll, was cultured continuously for 
over 14 months, and then frozen for later analysis. 
The Cjll cell line and other marmoset ES cell lines 

10 have been successfully frozen and then tha.wed with the 

recovery of viable cells. These cells have a high 
nuclear/cytoplasmic ratio, prominent nucleoli, and a 
compact colony morphology similar to the pluripotent 
human embryonal carcinoma (EC) cell line NT 2 /D2 . 

15 Four of the cell lines we have isolated have 

normal XX karyotypes, and one has a normal XY karyotype 
(Karyotypes were performed by Dr. Charles Harris, 
University of Wisconsin) . These cells were positive 
for a series of cell surface markers (alkaline 

2 0 phosphatase, SSEA-3, SSEA-4, TRA-1-60, and. TRA-1-81) 

that in combination are definitive markers for 
undifferentiated human embryonal carcinoma, cells (EC) 
cells and primate ES cells. In particular, these 
markers distinguish EC cells from the earliest lineages 

25 to differentiate in the human preimplantat ion embryo, 

t rophec t oderm (represented by BeWO choriocarcinoma 
cells) and extraembryonic endoderm ( represented by 
1411H yolk sac carcinoma cells) . 

When the putative marmoset ES cells were removed 

30 from fibroblast feeders, they differentiated, into cells 

of several distinct morphologies. Among the 
differentiated cells, trophectoderm is indicated by the 
secretion of chorionic gonadotropin and the presence of 
the chorionic gonadotropin p - subuni t mRNA . 12.7 mlU/tnl 

3 5 luteinizing hormone (LH) activity was measured in the 

WRPRC core assay lab using ei mouse Leydig cell bioassay 
in medium conditioned 24 hours by putative: ES cells 
allowed to differentiate for one week. Note that 
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chor ionic gonadot rophin has both LH and FSH activity, 
and is routinely measured by LH assays. Control medium 
from undifferentiated ES cells had less than 1 mlU/ml 
LH activity. 

5 Chorionic gonadotropin (3 - subuni t mRNA was detected 

by reverse transcriptase -polymerase chain reac:ion (RT- 
PCR) . DNA sequencing confirmed the identity of the 
chorionic gonadot rophin (3- subuni t . 

Endoderm differentiation (probably extraembryonic 

10 endoderm) was indicated by the presence of cv- 

fetoprotein mRNA, detected by RT-PCR. 

When the marmoset ES cells were grown in high 
densities, over a period of weeks epithelial cells 
differentiated and covered the culture dish. The 

15 remaining groups of undifferentiated cells rounded up 

into compact balls and then formed embryoid bodies (as 
shown in Fig. 6) that recapitulated early development 
with remarkable fidelity. Over 3-4 weeks, some of the 
embryoid bodies formed a bilaterally symmetric pyriform 

20 embryonic disc, an amnion, a yolk sac, and a mesoblast 

outgrowth attaching the caudal pole of the: amnion to 
the cul ture dish. 

Histological and ultras tructural examination of 
one of these embryoid bodies (formed from a cell line 

25 that had been passaged continuously for 6 months) 

revealed a remarkable resemblance to a stage 6-7 post - 
implantation embryo. The embryonic disc was composed 
of a polarized, columnar epithelial epiblast (primitive 
ectoderm) layer separated from a visceral endoderm 

30 (primitive endoderm) layer. Electron microscopy of the 

epiblast revealed apical junctional complexes, apical 
microvilli, subapical intermediate filaments, and a 
basement membrane separating the epiblast from 
underlying visceral endoderm. All of these elements 

35 are features of the normal embryonic disc. In the 

caudal third of the embryonic disc, there was a midline 
groove, disruption of the basement membrane, and mixing 
of epiblast cells with underlying endodermal cells 



(early primitive streak) . The amnion was composed of 
an inner squamous (ectoderm) layer continuous with the 
epiblast and an outer mesoderm layer. The bilayered 
yolk sac had occasional endot hel ial - 1 ined spaces 
5 containing possible hematopoietic precursors . 

The morphology, immortality, karyotype, and cell 
surface markers of these marmoset cells identify these 
marmoset cells as primate ES cells similar to :he 
rhesus ES cells. Since the last cells in the 

10 mammalian embryo capable of contributing to bo:h 

t rophectoderm derivatives and endoderm derivatives are 
the totipotent cells of the early I CM, the ability of 
marmoset ES cells to contribute to both trophoblast and 
endoderm demonstrates their similarities to early 

15 totipotent embryonic cells of the intact embryo. The 

formation of embryoid bodies by marmoset ES cells, with 
remarkable structural similarities to the early post- 
implantation primate embryo, demonstrates the potential 
of marmoset ES cells to participate in complex 

20 developmental processes requiring the interaction of 

multiple cell types. 

Given the reproductive characteristics of the 
common marmoset described above (efficient embryo 
transfer, multiple young, short generation time) , 

25 marmoset ES cells will be particularly useful ::or the 

generation of transgenic primates. Although mice have 
provided invaluable insights into gene function and 
regulation, the anatomical and physiological 
differences between humans and mice limit the 

3 0 usefulness of transgenic mouse models of human 

diseases. Transgenic primates, in addition to 
providing insights into the pathogenesis of specific 
diseases, will provide accurate animal models to test 
the efficacy and safety of specific treatments . 



-3 5- 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Thomson, James 
(ii) TITLE OF INVENTION: 
5 Primate Embryonic Stem Cells 

(iii) NUMBER OF SEQUENCES: 6 
( iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: Quarles & Brady 

(B) STREET: 1 South Pinckney Street 
10 (C) CITY: Madison 

(D) STATE: WI 

( E ) COUNTRY : US 

(F) ZIP: 53703 

(v) COMPUTER READABLE FORM: 
15 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC - DOS /MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, 

Version #1.25 

2 0 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION : 
(viii) ATTORNEY/AGENT INFORMATION: 

25 (A) NAME: Seay, Nicholas J 

(B) REGISTRATION NUMBER: 27386 

(C) REFERENCE/DOCKET NUMBER: 960296.92905 
( ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: 608-251-5000 

3 0 (B) TELEFAX: 608-2 51-9166 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



-36- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
GCTGGATTGT CTGCAGGATG GGGAA 2 5 

(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

TCCCCTGAAG AAAATTGGTT AAAAT 2 5 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
2 0 GGATCCACCG TCAACACCAC CATCTGTGC 2 9 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

2 5 (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
GGATCCACAG GTCAAAGGGT GGTCCTTGGG 3 0 

3 0 (2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



-37- 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 5 : 
GGGAATTCGC AGTTACTGAG AACTCACAAG 3 0 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

GGGAATTCGA AGCATGTCAA AGTGGTATGG 3 0 
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CLA1MS 

We claim: 

v 

1. A purified preparation of primate embryonic 
stem cells which <^i) is capable of proliferation in 

5 vitro culture for bver one year, (ii) maintains a 

normal karyotype t|irough prolonged culture, (iii) 
maintains the potential to differentiate to derivatives 
of endoderm , mesoderm, and ectoderm tissues throughout 
the culture, and (i^v) will not differentiate when 

0 cultured on a fibroblast fee^der layer. 

2 . The preparation of claim 1 wherein the stem 
cells will spontaneously differentiate to trophoblast 
and produce chorionic gonadotropin when cultured to 
high density. 



^1 



3 . A purified preparation of primate embryonic 
stem cells wherein the cells are negative for the SSEA- 
1 marker, posit ivie for the SSEA- 3 marker, positive for 
the SSEA- 4 markerl express alkaline phosphatase 
activity, are pluripotent, and have normal karyotypes. 

4 . The preparation of claim 3 wherein the cells 
are positive for the TRA-1-60, and TRA-1-81 markers. 



5 . The preparation of claim 3 wherein the cells 
continue to proliferate in an undifferentiated state 
after continuous culture for at least one year. 



5 



G . The preparation of claim 3 wherein the cells 
will differentiate to trophoblast when cultured beyond 
confluence and will produce chorionic gonadotropin. 
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7. The preparation of claim 3 wherein the cells 
remain euploid for more than one year of continuous 
culture . 

8. The preparation of claim 3 wherein the cells 
5 differentiate into cells derived from mesoderm, 

endoderm and ectoderm germ layers when the cells are 
injected into a SCID mouse. 

9 . A method of isolating a primate embryonic 
stem cell line, cjomprising the steps of: 

10 (a) islolat mg a primate blastocyst; 

(b) isolating cells from the inner cell mass 
of the blastocytei of (a) ; 

(c) plating the rnner cell mass; cells on 
embryonic fibroblasts, wherein inner cell mass -derived 

15 cell masses are formed; 

(d) dissociating the mass into dissociated 
^ i cells; i 

^ / (e) repeating the dissociated cells on 

embryonic feeder cejlls; 
20 (f ) selecting colonies with compact 

morphologies and cejlls with high nucleus to cytoplasm 
ratios and prominent nucleoli; and 

(g) culturing the cells of the selected 

colonies . 

25 10. A method as claimed in claim 9 further 

comprising maintaining the isolated cells on a 
fibroblast feeder layer to prevent differentiation. 



11 . A cell line developed by the method of step 

9 . 




ATTORNEY'S DOCKET NO 

9602.96 . 9.3723 



I beli siaiea below next to my name 

[XJ i, attached hereto specification of tvhich (check one) en 1S SOu gh< on the invention entitled 

f ] was filed on ' as Appf t' N 

^TT- ^ " d ' SC '~ ^ ~ ~ " — '» ™* - — * ™e 3, Code „ 



Priority Claimed 
[] Yes Q No 



(Number) ~ ^ 

[ hmhvp , . u (Country) "(Day/Month/Year Fi.edj " " ' ~ 

I hereby claim the benefit under Title 35, United States Code 8 ngn f , 

§ ' ' ^ ° f Un ' ted Stetes P-visiona. applications) Iisted be]ow . 



(Application No.) 



(Filing Date) 



OS/376 r ion 



Janua ry 20 r 1 QQ^_ 
(Filing Date) 



(Application No.) ~ — ^ auuct i y a U r "I Q 95 _ , . 

(Filing Date) " — 

1 hereby appoint the following attorney^ and/or a w . " S " Patented ' pcnd,n * abandoned) 



FULL NAME OF SOLE OR FIRST INVENTOR 

J ames^A.; T homson ' - f (. 
RESIDENCE/ 

Madison, Wisco nsir 

POST OFFICE ADDRESS 

2451 Fied ler Lane #3, Madison, wt 
FULL NAME OF SECOND JOINT INVENTOR 



INVENTOR'S 



<\TURE 



DATE 



CITIZENSHIP 

US 



53713 



RESIDENCE 



INVENTOR'S SIGNATURE 



POST OFFICE ADDRESS 



DATE 



CITIZENSHIP 



— ^L " J "- U - "—red sheets attached hereto/ 



* JAM ™ 

5 18 

h 1996 $ 



Firstar Plaza 
RO. Box 2113 

Madison, Wisconsin 537u t-z!13 

608/251-5000 

FAX 608/251-9166 



Attorneys at Law in 
Milwaukee and Madison, Wisconsin 
West Pclm Beach and Naples, Florida 
Phoenix, Arizona 



08/591246 



^QnarlesS Brady 



PATENT 



ASSISTANT COMMISSIONER FOR PATENTS 
Washington, D.C. 20231 



Sir 



January 19, 1996 



Our Case No. 960296.93723 

Transmitted herewith for filing is the patent application of Inventor(s): James A. Thomson 

For: Primate Embryonic Stem Cells 

Enclosed are also: 

[X] 6 sheet(s) of drawings (6 Figs). 
[ ] An assignment of the invention to 
A certified copy of a application. 



n 
n 



Information Disclosure Statement 

CLAIMS AS FILED 



For 


Number Filed 


Number Extra 


Rate 


IBasic Fee $750.00 


Total Claims 


1 1 - 20 = 


0 X 


$ 22.00 


0 


Independent Claims 


3 - 3 = 


0 X 


$ 78.00 


0 


Multiple Dependent Claim... 






$250.00 


0 


Total Filing Fee 








$750.00 



[X] Please charge our Deposit Account No. 17-0055 in the amount of $750.00. Two extra copies of this 
sheet are enclosed. 

[X] The Commissioner is hereby authorized to charge any additional filing fees which may be required 
under 37 CFR 1.16, or credit any overpayment to Account No. 17-0055. Two extra copies of this 
sheet are enclosed. 

[ ] A check for $ .00 to cover the filing fee and the cost of recording the assignment is enclosed. 

Resrnectfully 




QBMAD1\95300 



BAR CODE LABEL 

i ilium 


U.S. PATENT APPLICATION 


SERIAL NUMBER 

08/591,246 


FILING DATE 
01/18/96 


CLASS 

435 


GROUP ART UNIT 
1808 



| JAMES A. THOMSON, MADISON, WI . 



* *CONTINUING DATA* ******************** 
VERIFIED THIS APPLN IS A CIP OF 08/376,327 01/20/95 



**FOREIGN/PCT APPLICATIONS************ 
VERIFIED 



FOREIGN FILING LICENSE GRANTED 06/20/96 



STATE OR 
COUNTRY 


SHEETS 
DRAWING 


TOTAL 
CLAIMS 


INDEPENDENT 
CLAIMS 


FILING FEE 
RECEIVED 


ATTORNEY DOCKET NO. 


WI 


6 


11 


4 


$828.00 


960296.93723 



NICHOLAS J SEAY 
m QUARLES AND BRADY 
gj P O BOX 2113 
g MADISON WI 53701-2113 



PRIMATE EMBRYONIC STEM CELLS 

uu 
P 



This is to certify that annexed hereto is a true copy from the records of the United States 
Patent and Trademark Office of the application which is identified above. 

By authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 



Date Certifying Officer 



PATENT APPLICATION FEE DETERMINATION RECORD 

Effective October 1, 1995 



Application c r Docket Nurpber 

r 




CLAIMS AS FILED - PART I 

(Column 1) (Column 2) 



FOR 



BASIC FEE 



TOTAL CLAIMS 



INDEPENDENT CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



if:'. . / '■: i 



minus 20 = 



minus 3 = 



MULTIPLE DEPENDENT CLAIM PRESENT 



If the difference in column 1 is less than zero, enter "0" in column 2 

CLAIMS AS AMENDED - PART II 

(Column 1) (Column 2) 



< 

Z 
LU 

Q 

z: 
hi 



(Column 3) 



Total 



ndependent 



CLAIMS 
REMAINING 

AFTER 
AMENDMENT 



ffilll 




Minus 



Minus 



HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 



PRESENT 
EXTRA 



FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 



(Column 1) 



(Column 2) 



(Column 3) 



AMENDMENT B 




CLAIMS 
REMAINING 

AFTER 
AMENDMENT 




HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 


PRESENT 
EXTRA 


Total 




Minus 


+ * 




Independent 




Minus 


** * 




FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 


(Column 1) (Column 2) (Column 3) 


AMENDMENT C 


^ 


CLAIMS 
REMAINING 

AFTER 
AMENDMENT 


. ■ •■• ; 


u ■ ' 

■ 

# f ■■■■ ■ 


HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 


PRESENT 
EXTRA 


Total 


* 


Minus 






Independent 


+ 


Minus 


* * * 




FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 



* If the entry in column 1 is less than the entry in column 2, write "0" in column 3 
** II the ' Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20.' 
***lf the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." 



SMALL ENTITY 



OTHER THAN 
OR SMALL ENTITY 



RATE 


FEE 




375.00 


X$11 = 




x39= 




+ 125= 




TOTAL 





OR 
OR 
OR 
OR 
OR 



RATE 



x$22- 



x78= 



+250= 



TOTAL 



FEE 



750.00 



a2 



SMALL ENTITY OR 



OTHER THAN 
SMALL ENTITY 



RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


x$11 = 




OR 


x$22= 




x39= 




OR 


x78= 




+ 125= 




OR 


+250= 




TOTAL 
ADDIT FEF 




OR TOTAL 












RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


X$11 = 




OR 


x$22= 




x39= 




OR 


x78= 




+ 125= 




; OR 


+250= 




TOTAL 
ADDIT. FEE 




j TOTAL 
I wn ADDIT FFF 












RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


X$11 = 




OR 


x$22= 




x39= 




OR 


x78= 




+ 125= 




| OR 


+250= 




TOTAL 
ADDIT FEE 




! TOTAL 
1 wn ADDIT. FEE 





The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 



FORM PTO-875 
(Rev. 10/95) 



Patent ane Trademark Office I S. DEPARTMENT OF COMMERCE 



